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1. INTRODUCTION

-This is the second full Annual Report to be submitted by
the Principal Investigator since the commencement of WRAIR
sponsored malaria chemotherapy research at the London School
of Hygiene and Tropical Medicine. The programme is now
gathering momentum and- routine techniques are well
established. During the following twelve months we expect
to have introduced a number of additional lines of approach to
maximise the potential of this programme.

2. ADMINISTRATIVE EVENTS

Staff employed on US Army funds are as follows:

Senior Technologist - Mr B L Robinson 50% time

Junior Technician - Ms A West 100% time

Other staff associated with this project but paid from
School sources are as follows:

Professor W Peters (PI) 20% time

Dr D C Warhurst (Biologist) 20% time

Dr D S Ellis (Electron Microscopist) 10% time

Dr W E Ormerod (Biologist-Pharmacologist) 20% time

The new laboratory and insectary unit at Winches Farm
Field Station is now completed and functioning. We have an
established colony of Anopheles stephensi (Beech strain) running
and Plasmodium yoelii nigeriensis is being routinely passaged
through the mosquitoes. A full range of resistant strains of
rodent malaria is being maintained either by animal passage or
in the cryobank.

A total of five new compounds have been received from
WRAIR during the period covered by this contract.

3. CHEMOTHERAPY STUDIES

3.1 Causal prophylaxis

Causal prophylactic tests have been performed on nineteen
WRAIR compounds and detailed summary sheets are attached in the
Appendix (Tables I through 21). All but three of these compounds
are 8-aminoquinolines.

The structure-activity relationships of this interesting
series of primaquine analogues reveals some interesting features.
The 2-CH3 and 3-CH 3 derivatives increase the activity whereas the
addition of a CH3 at the 4 position by itself makes little
difference. Whereas the 5-OCH3 analogue was inactive at the MTD,
the 5-OCH3, 2-CH 3 analogue was rather more active than primaquine.
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The 5-mCH 3 phenoxy analogue (WR 215295) was inactive at

the MTD but the addition of a 3-CH 3.or the 2-OCH 3, 4-CH 3

derivative were more active than primaquine.

The most interesting series were the 5-alkyloxy analogues,
the activity depending on the length of the sidechain. Of

those tested to date, the 7 carbon compound, WR 246315 was
the most active, with a MFED of 1-3 mg/kg. The 6 carbon
compound WR 228708 was less active than primaquine but its

4-CH 3 analogue WR 242511 was very active. The 4-carbon
compound WR 228000 was more active than primaquine (HEED
10-30 mg/kg), and equal to the 12 carbon, 4-CH 3 analogue
WR 243789.

The 4-CH 3, 6-CH 3S analogue of primaquine was inactive at
the MTD.

Of the remaining compounds WR 61112 (clopidol) was inactive
at 30 mg/kg, WR 158124 active at 10-30 mg/kg and the guanylhydrazone
WR 9792 active at 3-10 mg/kg, the latter two compoinds without

evidence of residual activity on blood stages.

Still awaiting test are the primaquine analogues WR 228583
with a 4 carbon at the 5 - 0 position, WR 247705, the 5 carbon,

4-CH 3 analogue and WR 248412, the 8 carbon analogue. We also
have still in test a number of putative Drimaquine metabolites
from WRAIR and WHO which will be reported upon in our next report.

3.2 Blood schizontocides

In addition to the normal "four day tests" carried out on
WRAIR compounds, the details of which are appended as Tables 22
through 32, we have also been examining some compounds to determine
the ED5 0 and ED90 when administered as a single dose. These
studies are in connection with our work on resistance to mefloquine
and summary sheets are included in the Appendix (Tables 33 through 48).

The activity of two compounds WR 245082 and 246976 were
compared directly with floxacrine. Neither were as effective in
the N strain. All were effective in the NS line and the mefloquine
resistant N/1OO line. The clopidol analogue WR 159251 which was
active against the N strain only at a high dose level and with a
very flat dose-activity curve, proved to be active against the NS

and N/I00 lines. This compound will be compared with clopidol

itself (WR 61112) in the 4-day test.

3.3 Drug combinations

A study to determine the nature of the interaction of
imefloquine with a mixture of pyrimethamine and sulfadoxine (1:3)
was carried out by calculating the ED of each compound alone and

of a range of combined doses (Tables %R through 54). These values
were used to plot a graph to demonstrate the presence of potentiation,
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antagonism or a simple additive effect (Figure 1). if
potentiation were present the curve of the graph would be
below the line joining the ED90 values of the pyrimethamine-
sulfadoxine mixture and mefloquine when given independently of
each other. It is apparent, however, that the ED90 s of the
triple combination fall along that line indicating that only
an additive effect is present.

3.4 Development and prevention of drug resistance

In our Annual Report for 1980 - 1981 (Contract DAMD-17-G-9473)
we described our preliminary studies on the effects of administering
a mixture of mefloquine with a pyrimethamine-sulfadoxine (PS)
combination using the relapse technique ie fixed single drug dose
at the time of infection. We have now carried out further work
on this and have extended the study to include a line which has
been developed from a PS resistant parent strain.

The three lines which we have established are:-

PFM - derived from the drug sensitive P.berghei N (= Keyberg 173)

MPS - derived from the moderately chloroquine-resistant

"P.berghei NS", actually a subspecies of P.yoelii
(Peters et al. 1978)

MFY - derived from P.berghei FY (= NK65 PS of Peters, 1974).
The latter was developed originally as a PS resistant
line and was subsequently found to be highly resistant
to a 1:3 PS mixture eg 320 mg/kg at the time of passage
was almost totally ineffective.

For comparison, data have been plotted against those from two
other mefloquine-resistant lines, the N/II00 derived from P.berghei N
and the NS/lI0O derived from "P.berghei NS", produced by the same
technique. In plotting the data we have adopted in the ordinate
the ratio between the "2% delay time" of the infection in later
passages to that observed in the first passage to indicate the
manner in which this decreased over time. Since the numbers of
days between individual passages varied during the course of the
experiments depending on the level of adaptation of the parasites,
we have plotted on the abscissa the number of days since the lines
were started rather than the passage number. These graphs are
shown in Figure 2.

Figure 2a illustrates a marked difference in the rate at which
the drug P.berghei N parasites became resistant to mefloquine alone
and to the MPS mixture. It required over 200 days before the PFM
line showed a similar delay pattern to that developed by the N/1100
in a mere 40 days. Note also that the N/1100 line did not become
completely unresponsive to M during the 80 days over which it was
observed.
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In contrast the NS/1100 line was started from "P.berghei NS"
which has an inher nt low--level resistance to chloroquine. This
line rapidly became totally unresponsive to M. The opposite
was observed with the MPS line (Figure 2b) which maintained
a high level of sensitivity for the first 100 days, and only a
moderate reduction in response over the next 100 days.

The MFY line, originally resistant to PS showed a rapid
decrease of its response to the triple mixture but, surprisingly,
the response seemed to stabilise after 30 or 40 days at a
moderate level of resistance only.

Further experiments are needed to determine how stable the
resistance of these lines would be in the absence of drug
selection pressure and these are scheduled to commence shortly.
It is also necessary to observe the effect of passaging the MPS
line cyclically through A.stephensi.

3.5 Mode of drug action

As part of our progranmne to investigate the mode of action of
WR225448 ultrastructural studies on animals which had been treated
were carried out. Since in some of our initial studies the livers
of treated animals showed some effects which were, possibly,
unconnected with the infection, we examined samples from treated
but uninfected controls. We found that liver damage had occurred
and that the liver cells were vacuolated and disrupted. There were
considerable lipid deposits and many of the mitochondria were affected.
In general the liver had a fairly toxic appearance (Figure 3).

Infected liver sections from animals treated with a single dose
of 1 mg/kg of WR 225448 show normal peripheral enzyme production,
but no liberation of enzyme granules. Adjacent hepatocyte tissue
is apparently unaffected at the interface between the schizont and
hepatocyte (Figure 4).

When examined at a higher magnification the extensive enzyme
granule production and swollen mitochondria are clearly seen. In
addition many of the nuclei in the schizonts show mirked separation
and blebbing of their surrounding membranes are apparent (Figure 5).
A paper on this work is in preparation.
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5. APPENDICES

5.1 Summary of causal prophylactic test data (Table 1)

5.2 Individual causal prophylactic test reports (Tables 2-21)

5.3 Summary of blood schizontocidal (4 day test) data (Table 22)

5.4 Individual blood schizontocidal (4 day test) reports

(Tables 23-32)

5.5 Summary of blood schizontocidal (single dose) data (Table 33)

5.6 Individual blood schizontocidal (single dose) reports

(Tables 34-48)

5.7 Interaction of mefloquine with pyrimethamine/sulfadoxine
(1:3 mixture) in P.berghei (Figure 1).

5.8 Changing trends of 2% delay times for lines developed from
P.berghei N, NS and FY strains (Figure 2)

5.9 Electron micrographs showing effects of WR 225,448 against
EE stages of P.yoelii (Figures 3,4,5).



SU>ThIARY OF CAUSAL PROPIYLACTIC TESTS

MFED RESIDUAL ACTIVITYLON BN WR COM4ENT
mg/kgxl at D+2

1711 BJ08241 2975 30 - 60 NIL AT 60 Primaquine diphosphate

1715 AG99266 5990 NA at MTD NIL AT MTD(=10.O) 8-aminoquinoline

1719 BE50003 181023 >30 NIL AT 30 8-aminoquinoline
4-methylprimaquine

1720 BE17580 182234 3.0 -10.0 NIL-AT 30 8-aminoquinoline

1721 ZP12775 211814 3.0 -10.0 NIL AT 30 8-aminoquinoline

1722 ZN43444 215295 NA at 30 NIL AT 30 8-aminoquinoline

1723 ZN81499 228000 10 - 30 NIL AT 30 8-aminoquinoline

1725 BH13989 233627 10 - 30 NIL AT 30 8-aminoquinoline

1726 BH35770 235485 10 - 30 NIL AT 30 8-aminoquinoline

1727 BH69990 238605 10 - 30 PRESENT AT 30 8-aminoquinoline

1728 BJ08189 243789 10 - 30 NIL AT 30 8-aminoquinoline

NIL AT 3.08-mnioie
1729 BJ45691 246315 1.0-3.0 PRESENT T 30 8-aminoqinoline

1732 BH58120 237375 A at 100 NIL AT 100 8-aminoquinoline

1733 BG66798 228708 30 -100 NIL AT 100 8-aminoquinoline

1734 BH89438 242511 3.0 NIL AT 30 8-aminoquinoline

1736 BJ78592 242511 3.0 NIL AT JO0 8-aminoquinoline

1716 AJ63248 9792 3.0-10.0 NIL AT 30 guanylhydrazone

1717 AB65541 61112 NA at 30 NIL AT 30 clopidol

1718 BD22997 158124 10 - 30 NIL AT 30 miscellaneous

PRINCIPAL INVESTIGATOR: PROFESSOR W.PETERS

DEPARTMENT OF MEDICAL PROTOZOOLOGY

LONDON SCHOOL OF HYGIENE AND TROPICAL MEDICINE

DATE: 14th Ianuarv'8
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suf, lr J1 AN;IMALARIAL DRUG IESTS

KBLOOD SCHIZONTOCIDES)

COMPOUND NAME
LI'T 117q ~tr h

OR NUMBER ........................... PARASITE (SUB)SPECIES .. . . . . . . .

Tween 80/11 0
FORMULATION ................ . ROUTE OF ADMINISTRATION : SC/kRAR tAk

MAXIMUM TOLERATED DOSE (MTD) ........ MG/KG X ...

Daily dose 1 of No. of Mean control Treated PR
mg/kg DO-D+3 mice experiments parasite rate % Contro PR

1.0 5 77.8 + 4.8

3.0 5 66.2 + .9
-- 1 +

N 10.0 5 1 56.1 1.7
1+

30.o 5 42.8 - 3.7

100.0 5 - 18.3 1.8

¢_ 10 18.0

ED50(range) 9.0(4.n-30)

ED9 0 (range) 265 (120-85n)t tInterrolated graphically

Resistance factor 190

1.0 5 -- 77.6 7

3.n 5 66.1 -5.2

NS 10.0 5 1 - 57.0 - 3.1

30.0 5 52.5 4.4

100.0 5 32.9 - 7.4

0i1 16.1

ED50 (range) 18.5 (7.5-60)

ED9 0( range) ' 1on

Resistance factor 190

Date: 18/1f83 Principal Investigator: Professor W.Peters

Department of Medical Protozoology

London School of Hygiene & Tropical Medicine



FA 7 TIr'IALARI ,I_ DRUG L IS 

,. SC HI ZONTOC;DES)

COMPOUND NAME LI 1 179 P br 'hk' i

OR NUMBER ........................... PARASITE (SUB)SPECIES .................

'I'ween 80/1190
FORMULATION ................... ROUTE OF ADMINISTRATION : SC/1RXF]@X1VX

MAXIMUM TOLERATED DOSE (MTD) ........ MG/KG X ...

Daily dose N f No. of Mean control Tr eated PR XIO0
Strain mg/kg DO-D+3 mice experiments parasite rate % Control PR

1.0 5 100 0.1L I
3.0 5 - 82.0 + 2.9

I 1+
N/1100 10.0 5 - 73.8- 3.0

+
30.0 I 5 1 - !70.0- 2.9

100.0 - :41.8- 9.1

0 - 1o 12.0

ED50 (range) 51 (lo-lOO)

ED90(range) 200 (35-400)

Resistance factor " -I

9a1P

-D50range
ED ( rage

90I
Resistanc fatr19

Da~~ ~ ,e1//3 rnia neiio:PoesrWPtr
- ;arm n Ye ialPo zo og



COINPOUND NAME
Liv V 179 .brghOR NUMBER ............ PARASITE (SUB)SPLCIES ....

Tweenl 80/H9?0
FORMULATION ........... ........ ROUTE OF ADMINISTRATION

MAXIMUM TOLERATED DOSE (MTD)..........MG/KG X..

Strain Uai If -
1  7  n r

mg/kg 00-0+3 mice experiiients parasite rate Cn P
1.0 5__ 60.7 + 6.3

3.05[ 
-4. 3.1

N10.0 51-45.8 
-3.5

30.0 5 36.1+

100.0 5 2 1.1+

I------ -- -- -~ w--- -- - ------------- - --------- - __- _-_ ------------------

-D,,( range) 3. (.6-10) **/5DE

7290 (range) _ ioo : 4/5 DIED

Pesistance factor >

I +1.0 5 1 77.0 - 6.2

3.0 5* 77.0

NS1.0 5:1 73.0-3. 3

30.0 
- 6o. 4 1.4

I - - ~ 5~ -24.2- _

10 16.1

),0 (range) 25 (11-45) 1/5 DIED

ED 0 range) 300) (125-640)t *4/5 DIED
-- t._~. - INTERPOLATED (7RAPHICALI.Y

Resistance factor I

Da te: 18/1/83 Pri ricipa I nvoc fVi qa -)r: P rof (-.'or 1. etor->
.Jer J) r tmlerdt oi Medical 'Ye teoec l(1

Ofd o ") lOG ; 0' '''iV I I f ' .T Ilc "lttdl ]li



O0L) ouK:Jl.JdCIULL

Cu.IPOUND NAME
LI V 1179 1'. be rghei

OR NUMBER . PARASITE ,SUB)SPECIES .

"Teen 80/i,)0
FORMULATION . ROUTE OF ADMINISTRATION : 554vZ'PD,' D

,.4XIMUM TOLERATED DOSE (MTD) ........ MG/KG X ...

SrDaiiy dosIT T.o.T-- --of MT-ean control aTea-e- X 1_
Strain mg/kg DO-D+3 mice e ,cperipe nts parasite rate ,Control -"R O

+

11.0 5 100 -

3/I0L.0 5 -I IO-

! +

30.0 5 - 00 -6.5

I+
i00.0 5 i- 53.2 + 10.6

10 12.0

I _

ED5 0(range) 98 (49-115)

ED9 0(range)150 (75-180)

Resistance factor 190

D5s(range)

ED90 (range)

Resistance factor 1,,

bate 18/1/83 :-., Ii Invtitur: Prot -sor ,..ete,

.... .. ..... .......... . . . .r n -, lit



L-) LO~ J 0 , C J_ L 1O D[ S

COMPOUND NAME , '

OR NUMBER .... ..': '.. ' ............ . PARASITE (SUB)SPECIES .. :. r ..........

FORMULATION . wT ,n . .... '.1.1. .... ROUTE OF ADMINISTRATION : SC/:kR kj; k

MAXIMUM TOLERATED DOSE 'ITD) ..... MG/KG X ..

Daily dose No. of Mean control Treated PR
Strain Dal %oe TNY X'03

mg/kg DO-D+3 mice experiments parasite rate , Control PR

1.0 5 61.4 -3

I I03 .0 5 O .'a, - 0.1

N 10.0 1)

30.0 5 0

10 16.2

-ii

ED5 0 (range) o.)(o.- 1 .3)

EC90 range) 4J . - 7)

Resistance factor . .

+

NS.0. - .,

_____+

I-0I0 S 1 . i + ,

0 Io 20.0

'rangeo) 00(0.3-1.1)

;9.( range) 3.1 (1.7-6.0)

Resistance factor . 1.6

te; 10/1/83 -',i ncia I nv,stigrator: Professor (., .Pete,

I.',,tmllt o Medical (rotozoology
,)- ).,, ,,oe, I " v V 1en, ,, , ;i :a i '.l**e* i ,,-



COMPOUND NAME mv V,>

OR NUMBER ...b.1: .X.A.C .N.E ............ PARASITE (SUB)SPECIES . '. . : . .

FORMULATION . . .. ... ROUTE OF ADMINISTRATION

MAXIMUM TOLERATED DOSE (MTD) . . MG/KG X .

Strain Daiy dose -TN o-T o. o ean controT- Treatd ,-
mg/kg DO-D+3 mice experiments parasite rate C-o-nt-r-o TR

0.1 5 - . -

0.3 /I- 71.7 +f >)I __

NilO). 1 10. -0.

S!10 19.1

E D 5 0 ( r a n g e ) 0 .- _(o ._ _,-o .- -4

ED9 0(range) o

Resistance factor '90

ED 5 (range)

ED 90 (range)

R esistance factor 1390

oato: 18/I /83 !'i nc Ial I nve< ti nator: Professor -Peter>

Jt o t o l -idir'al Pro to.700 1 i,

U),i r11



COMPOUND NAME ,

OR NUMBER ..............7... PARAS ITE (SUB)SPLC ILS

FORMULATION ...er 0 ROUTEOFAMNSRT N: C4 \ 4

M'-AXIMUM TOLERATED DOSE (MID) .. .MG/KG X ..

Strain aiyoe P.a a eancnr Tetd .mg/kg DO-D-*3 mie opri parasite rate Crontra >'-

1.0 ,

3.0o ~ 9

N 10. 0 -

30.0

,),(range) ~(07

a! 9 0(range) 6. 2 (2.,-- IF. )

Resistance factor 1.0

3.0 -

Ns10.0 51 .

30.05 -_________ _

10 2o.u

,O5 (range) 1.4(0.8-2.5)

D90(rne 11 .8(6.B- 2 1.0)'

Resistance factor :l 1

Ja te: //3 ' v tr to: , , . , -I

7 K 'I',' ~ f7 3 'KtON.>7



'-IPUNL' NAN:,

NUTMBER . PARASIIE 'SUD)SPECIES

KORNULA T IXI: ..... P u~l L Or ALUhI N8STRATIQN' SC, '

I~A IMUM~ T OLEPATLD DC SE D IIMG,/KG X A

~i77J~6Y&~ - - 7~Y766V1 -YTM-ean -o-ntf-oT~7WTT~.
Stan mg, kq DO-D-S mi ce Ieprmns parasite rate SC

N, I L-o1 .C

S(rane

E~qrange, . 7?

'RFesistance factor

range

Pesistance factor

19 ir i-' ia* nv-. 3, i fu,: F

'(I * * 1 - ~"Y



BKfl'7 8(
COMPOUND NAME 1lt7

OR NUMBER . .'. 7............... PARASITE (SUB)SPECIES....

FORMULATI'ON ... ROUTE OF ADMINISTRATION :SCA C i

> 100

MAXIMUM TOLERATED DOSE (MID)......... MG/KGX

Stan Dailiy doe NO T No. of Mean control jTreated 100
Strain mg/kg D0-D+3 mice exeiins parasite rate % ;rContro6T W- 10

1 . 0)5-0.

N 10.0 5 -

)O.0 5 33-7,

100.05-25-

0 10 16. 2

E050(range) -7.0(3.5-2n)

ED 0 (range) _39).0(19-110)

Resistance factor I.,0 .o

1 .0 s-75.0 -

+

3.0 59-

NS 10.0 T 5 1 -4o.0 -

30.0 * 5-

100.0 0.05-) 0.0?

0 10 } ___20.0

L3(range) 501090

D90 ( ra nge ) 15.0(5. 2-43.0)

Resistance factor 1 90 0.4

Da tc 11/8 Pr nc pa]I I nve, ti ga tor: Professor WPeter"

.)ephi rtment of Me(dic:al Protozoo logy

HOdo ioo )f IHviJ 100 I 00) i a 1 Med)i fl



II.

COMPOUND NAME ., ..

OR NUMBER .. . . . . . . . . PARASIIL :SUB)SPLCILS ..............
II)

FORMULATION ................ ROUTE OF ADMINISTRA OI' N' kk Ru ,'

MAXIMUM TOLERATED DOSL ', MG /KG X ..

Strain aiyOe o.o N7WYV tr h5-mg/kn DO-D+3 mice I experients parasite rate % ControV-hP

o.5 - ' . -

N/lion0 i.7 . 1 - 1 :. - .
0.0

_ _- _ ___-

S 10 1 .0

ED50(range) 2.

E% 0 (range) 20.5 0 .5 .0)

Resistance factor :-

7 Z7,,(ranqe)

ED90( range)

Resistance facto,,

,.at iii/ 1/83 s I or: Pro f ssor W.P et"
- ...ro tozou O(,

- . i f [ %e i



BLOOD SCHIZONTOCIDAL ACTIVITY

SINGLE DOSE ED90 TESTS

STRAIN MEFLOQUINE PYRIME THAMINE SULFADOXINE P:S (1:3)

(P) (s)

ED90 190 ED90 190 ED90 190 ED90 I90

N 15.3 1.0 2.0 1.0 10.1 1.0 0.5 1.0

N/1100 1000 >65 13.8 6.9 4.2 0.4 1.3 2.6

PFM/37 250 16.3 10.3 5.2 1.3 1.3 0.9 1.8

NS 10.0 0.7 2.0 1.0 1.5 0.15 0.2 0.4

NS/1100 1000 65 2.2 1.1 1.7 0.17 0.52 1.0

MPS/28 66.0 4.3 2.1 1.1 1.7 0.17 0.32 0.64

FY/65/1 13.0 0.85 130 65.0 290 28.7 88.0 176

MFY/30 170 11.1 49.0 24.5 195 19.3 100 200



SUIIfl/ARY Of ANIIMALARIAL DRUG IES S ,, -4

(BLOOD SCHIZONIOCID[S)

COMPOUND NAME Mefloquine 
P.berfyhei

OR NUMBER ........................... PARASITE (SUB)SPECIES .................

FORMULATION .......... 2 ..... ROUTE OF ADMINISTRATION : SC/ND000M

MAXIMUM TOLERATED DOSE (MTD) ........ MG/KG X ...

SSingledose NO.f No. of Mean control Treated PR --

mg/kg DO mice experiments parasite rate % Control P

3.0 5 - 58.9 6.5

10.0 5 37.9 7.3

N 30.0 5 1 .I

100.0 5 _ 0

0 10 19.4

ED50(range)5.9 (3.0-9.0)

ED90(range) 15.3(7.0-24. 0)

Resistance factor 190 1.0

3.0 5 - +70.8-5,0

10.0 5 - 14.1 9.5

I +

NS 30.0 5 - 0,07 - 0.07

100.0 5 -0

0 O _29.2 _

ED50 (range) 4.4(3.4-6.0)

ED90 ( range)1o. 0(7,,9-14. o)

Resistance factor 190 0.7

Date: 18/1/83 f'rincipal Inv,.,tigator: Professor W.Peters

J)epdrtmlenl (, Medic al rotozoology

., d , *'jI,/ l + (., II~ T. oTic lMedi i t



SUIIARY L Ail I MALARIAL DkUG ILS S "i

(BLOOD SCHIZONTOCIDES)

COMPOUND NAME
Py rime thami ne P. be r ghe iOR NUMBER ........................... PARASITE (SUB)SPECIES .................

Tween 80/H 90
FORMULATION ............. ...... ROUTE OF ADMINISTRATION : )WVIPI

MAXIMUM TOLERATED DOSE (MTD) ........ MG/KG X ...

i Single dose TO Of- N. 0f Mean control I TreatecT --& -
Strain mg/kg DO mice experiments parasite rate % Con-t-ro PR -

X1

0.3 5 - 56.5 3.2

1.0 5 - 26.1 5.5
S +

3.0 5 1- 21.6 - 2.1

I +
10.0 5 - 0.4 - 0.3

30.0 5 0

0 10 19.4 I

ED50 (range)0.5 (0.2-1.4)

ED9 0(range)2.0 (1.0-5.4)

Resistance factor 190 1.0

0.3 5 - 49.3 + 13.2

1.0 5 - 32.7 5.4

NS 3.0 5 1 25.9 9.4

10.0 5 - 0.07 -0.07

30.0 5 0

_I 0 2q.2 ..

ED50 (range) 0.5 (0.2-2.5)

ED9 0 (range) 2.0 (1.0-11.0)

Resistance factor 190 1.0

Date: 18/1/83 Principal Investigator: Professor W.Peters

Department of Medical Protozoology

ondon )-chooI of Hygiene & Fropical Medi inu



COMPOUND NAME

OR NUMBER Suliphadoxine PARASITE (SUB)SPECIES .... . ......

FORMULATION ... )een.89/H 20 .... ROUTE OF ADMINISTRATION : k,/IP/RWktx

MAXIMUM TOLERATED DOSE (MTD) ........ MG/KG X

Strain n dose No.of 1 No. of Mean control Treated PR ,,Knmg/kg DO.-.- i mice experiments parasite rate % ,Control P-R-

0.3 T 5 87.0 + 5.3

1.0 5 50.1 3.7

+
N 3.0 5 140.0 - 2.7

10.0 5 -25.8 3.4

1 I0 19.4

ED5 0(range)1.7 (0.9-4.6)

ED90(range)lo.1 (5.5-2.9)

Resistance factor TQ0 1.0

0.3 5 47.9 7.7

1 +1.0 5 - 25.3- 8.2

NS 3.0 I 5 1 5.0 3.2

+10.0 5 - 0.07 -0.07

0 1o 29.2

ED50 (range)o.4 (0.2-0.7)

ED9 0 ( range)l.5 (0.9-2.7)

Resistance factor 190 0.15

Date: 18/1/83 ',rin, ial evestirLa tor: Proessor W Peter.,

j!o),i rtnlenT 0 Medical !'otozoolog

IIMI I II I I



COMPOUND NAME 1:
Pvrime th ami ne/t,S I nhadoxi ne f). be. r !,he i

OR NUMBER ........................... PARASITE (SUB)SPLCIES .............

Tween 80/1 2()
FORMULATION ................... ROUTE OF ADMINISTRATION : .'C/IP/W W

MAXIMUM TOLERATED DOSE (MTD) ........ MG/KG X ...

Strain Sikiie -os e 0. O. OoT e-an co-tro Tre-a-ted - -
mg/kg DO mice experiments parasite rate % Contra PR

0.04 5 62.4 .

0.13 45 -o 4 .
i+

N 0.4 5 31.6 -+ ..

1.3 5 8.2 1 .
4 .0 5 ,, o .1 n .(-.1 - CL.]

S10 19.4

ED50(range) 0.11(0.0 5-0.29)

ED90 (range)0.5 (0.2-1.3)

Resistance factor 190

0.04 5- 47.0 - 7.7

0.13 5 25.3 8.2

NS 0.4 5.0 3.2

1.3 5 0.o7 0.7

4.0 5 0

10 29.2

5WSO(rag ) 0.05 (0.03-0.08)
. . . 4

ED90( range)o.2 (0.1-0.3)

Resistance factor 190 0.4

,)ate 18/1/83 l'rincipal Investigator: Professor W.Peters

Department of Medical Protozooloqy

.ondon c(hool of Hygiene , rop ical Me,1 , it



C3INPOUND NAML Le f loqui ne P. be rhe i

OR NUMBER ........................... PARASITE (SUB)SPLCIES ................

".eeen 80/fl,)

FORMULATION ............. ROUTE OF ADMINISTRATION : SC!KX.MW.,x

,,AXIMUM TOLERATED DOSE (MTD) ........ MG/KG X ...

I T 1.( o-s-e No. of . o ----- -ean cont-rc -rea-e (' -.<i
Strain mg/kg DO mice experiments parasite rate o CortrJ--R

3.0 5 75 .7 - 14.1

10 . 35.5-10 _ee

~+MI'S 30.0 5 -26.2-

100.0 5I00. ' 5, -9.3 - 5.4

10 1 .7

i 
i

EDso(range) 9.5 (3.5-17.5)

ED9 0 (range)66.0 (25-120)

Resistance factor I90

3.0 5 - 82.4 2 .2

10.0 5 - 74.4 12.6

N'-/1100 30.0 5 1 -- 1.4
I +

100.0 5 44.5 - 2.5

5 12.5

ED5 0 (range) 52 (22-245)

ED 0 (range) > 1000

Resistance factor 190

"ate: 18/1/83 ri nc i a I nv,,ti it ur: Pro, ezsor W. Peter,
,Jejpartment c, ?4edi a Protozoo)og9\

"j i' tl ,) , } " : & M 1( i( LrIT



...._ .... 7 '.1 .... . .i ,. , ; A R I - D R U G L' I ' P.: ' ,

L,5ItJL SC~L HI /It WEIDE S

COMPOUND NAME rimethami 
P r

OR NUMBER ........................... PARASITE (SUB)SPECIES .................

FORMULATION T......../2 ....... ROUTE OF ADMINISTRATION : 3/IPU

MAXIMUM TOLERATED DOSE (MTD) ........ MG/KG X ...

Strain dose---- No. of No. of Mean control T~ d ,_TW--
mg/kg DO mice experi ments parasite rate % C-ontr7o-P-R-

o.3 5 82 - 6.8
+

f ,f S3 l 5 1 5 . 6 , 2 . 7

10.05 -0.02 - O.o2

30.0 - 0
L --~- -

S10 10.7

ED5 0(range)o.8 (0.5-1.8)

iED 90 (range)2.1 (1.4-4.4)

Resistance factor 1 90

_. 5 81.4 + 6.6

0.3 5 52.3 12.4

NS/l100 1.0 5 30.1 - 11.8

3.0 5 17.8 5.2

10.0 5 I - 1.0 -0.5

, 5 12.5

.D 5 0 (range)0.4 (0.2-1.1)

ED9 0 ( range) 2.2 (1.2-6.5)

Resistance factor I -

Date: 18/i/83 rincipal l _ivstigator: Professor W.Peters
I jepirtment o Medical Protozoology

(olhon .lw I q ! i ey ie , rop)i cal Medic i ne



SUIM1ARY OF ANTIMALARIAL DRUG TESTS ,ABLL 40

(BLOOD SCHIZONTOCIDES)

COMPOUND NAME
Sulfadoxine P.berghei

OR NUMBER ........................... PARASITE (SUB)SPECIES .................
Tween 80/H 20

FORMULATION .................... ROUTE OF ADMINISTRATION : R)GC/IPMX)PW

MAXIMUM TOLERATED DOSE (MTD) ........ MG/KG X ...
n Single dose No. of No. of Mean control Treated PR,.

Strain mg/kg DO mice experiments parasite rate % Control PR "

0.3 5 80.4 4.8

1.0 5 - 40.6 5.2

MPS 3.0 5 1 - 2.4 1.4

10.0 5 -___0

10 10.7

ED5 0(range) 0.6 (0.5-0.9)

ED9(range)1.7 (1.2-2.4)

Resistance factor 190
1 I t +

0.3 5 - 80.6 - 2.2

1.0 5.- I 24.0 + 5.1

NS11100 3.0 5 1 9.6 - 3.7

10.0 5 o .5 - o. 3

30.0 5 121

S5 12.5

Lo50 (range) 0.6 (0.4-1.0)

ED90(range) 1.7 (1.2-2.7)

Resistance factor

Date: 18/1/83 Principal nvestiqator: Professor W.Peters

Departmen Df Medical Protozoolog)

:ondon Sc,,m _ c4 viqiene , ,: a ediLnt_



SUMMARY OF ANTIMALARIAL DRUG TESTS ]ABLE 41

(BLOOD SCHIZONTOCIDES)

COMPOUND NAME
OR NUMBER Pyrimethamine:Sulfadoxine PARASITE P.berghei

O NU B R .... ............. ,........., . PA AS T (S B) PE IE .. ,.......,.... .

T\ween 80/H 0
FORMULATION............ 2 ..... ROUTE OF ADMINISTRATION :)G/IP/V XJ

MAXIMUM TOLERATED DOSE (MTD) ........ MG/KG X

Strain § 1dose No. o0f No. of Mean control Treated PR
mg/kg DC mice experigments parasite rate % Control PR," I1

0.075 575.7 + 15.6

0.15 5 63.6 18.5

MPS 0. 31 5 +8.8 - 5.4

0.62 5 1.- + 1.4

1.25 5 0.05 - 0.04

2.5 5 0

I0 10.10

ED5 0(range )0
.1 3 (0.09-0.27

ED9 0 (range) 0.32 (0.21-0.66

Resistance factor 190

0.075 5 1 +____ ____ _ _ ____ ___ ____ _ _ ____ ___ ____ ___ 73.8 - 7.1

0.15 5 59.5 - 6.9

NS/1100 0.31 5 14.4 -+ 3.9

0.62 5 - 4.2 - 1.2

1.25 5 +2.0 1.8

2.5 4 5 -___ 0.2 0.2

0 12.5 _

SED50 (range) 0.14 (0.09-0.231

EDo( range) 0.5 2 (0.32-0.78

Resistance factor 190

Date: 18/1/83 Principal Investigator: Professor W.Peters

Department of Medical Protozoology

London School of Hygiene & Troipical Medi~ilt



................ PARASITE (SUB )SPECIES .................

.. . . .;:iU': I-, A DM INI S TRA TIO0N : XSZiI PW )W

.. . ... . t.IG/KG X ...

'>1 1  dl7 1 0 .- ' fo Mean control Treated
Tmice ex peri-ments parasite rate t ControlPP

I +

5 - 100- 11.6

I - +

5 -83.2 - 7.1
. . . . . ... . ..... -- '1 +

PF IA 3.0 5 1 32.? - 5.2

10.0 5 - 17.0 6.q

+
30.0 5 2.6 - 1.5

110 I 11.4

ED50 (range)3.5 (1.6-7.0)

E9 0(range)10.3 (4.7-20.5)

Resistance factor I

+
0.1 1 76.9 - 7.2

0.3 5 54.5 3.9
+

N/1100 1.0 5 1 45.7 - 12.2

3.0 5 , 29.4- 5.6

1 0 13.4

ED50(range)0.6 (0.3-1.5)

range)13.8 (6.8-34)

Resistance factor I

Date: 18/1/83 Principal investigator: Professor W.Peter:,

Jepartment o!f Medical Protozoolog,

ondrw (.hoo of rivqi Tl , . .



COMPOUND NAME Pvri e [hami ne/,u 1 phadox i ne P.herpht I

OR NUMBER ........................... PARASITE (SUB)SPECIEL .................

1: 1 in Tween 80/H 0
FORMLILATION ................. -. ROUTE OF ADMINISTRATION X.'IP/ k.x

IAXIMUM TOLERATED DOSE (MTD) ........ MG/KG X ...

r Single dOSe . of-No. o--- Mean control _Tfe-_ -
mg/kg DO mice e xperinents parasite rate % Control PR

1 0.15 5 68.8 + 13.1

0.31 - 32.1 - 10.7
5i

0.62 ' 20.0 -6.P FMA 5-" •

1.25 1 -+ . . .
.5 [ 11.4 - 5.o5t

2.5 +
5 1 - 5.2 - 0.9

?0 5 +
1 0.0 5 ___- _0____ ________________

ED5 0(range).2 6 (0.18-0.68)

90 rangeo. 8 8 (o.48-1.C):

:Pesistance factor .

5+__0.075 5 -1_ 00 -4.2

II.15 5 -83.3 + 5.o

I i +
N/1100 0.31 5 - 77,1 - 9.0 _

0.62 5 9.? +
' 1.295 - 7.

1.21 5 -- 5.0 _

2.5 +
5.. -- - -___ - 7.1 - 1.6 . .

, 10 9.6

range 0.28 (0.2-0.76)

E 9 0 r ange ) 1.3 (0.7-2. 6)

Resistance factor ,)

Date: 18/1/83 Principal Investijator: Professor W.Peters

Jepartment of Medical Protozoology

(nd a,, ioiaa i 01 ,/9 i rle "', V',opiical hedi iru



, ~ ~ ~ ~ W ... W,-,.L ...ii q [K],"'

CLOIPOU ND NAME M f I oq ui n 1. h r~J i

OR NUMBER ... ........... ......... . PARASITE (SUB)SPE ILI: ..............

FORMULATION ............ 80 ....... ROUIE OF ADMINISTRATION : SC,

MAXIMUM TOLERATED DOSE (MTD) ........ MG/KG X ...

I-~JT< ~~o WU F 'lU controlSS tra in ,)jjj-i j sgi - e- No -o -. 6- - a ont o at-T -- " ....
j mg/k DO mice experiments parasite rate 0 Control PR

+
I 3.o 5 81.8-1 .

I 10.0 5 - 2.3 - 12.3
, -- -- I+

PFMA 30.0 5 1I - 54.6- 5.5
SI . . .. .. _____ ____________ l- ~ - -- -- -

I0.0 5 - 27.2 - 9.7
- - - - - - - -- - -- -

00 I11 iI.1

D 5 0 (range)25.0(8.o-52)

ZD9 0(range)250 (80-520) ( >frD) Graphically interpolated

Resistance factor >, I

I+

N.100 30.0 5- 62.1 - .2

o0.0 5 - +

5o.6 - 1.8

10 9.6

ra 5 0 r n ge)95 (48-215)

ED9(range) >1oo ( >,rTD) Cranhically internolated

Resistance factor

Date: 18/1/83 Principdl I nvotioa tor: Prottsor ,. P te-,

<,-Iartrnent oi !.,di La1 iro u:,u ic(H

-i*I i i (- -- ', 1



LLud)L SULiIZONT(JtiDLS)

COMPOUND NAME
Me f loqui ne P.bu r hwi

OR NUMBER ........................... PARASITE (SUB)SPECIES ..............
'1\,e en 80/H20

FORMULATION ................... ROUTE OF ADMINISTRATION : SC/IP qVX

MAXIMUM TOLERATED DOSE (MTD) ........ MG/KG X ...

Strain sIni,, ie dose No. of No. of - Mean control -re-a(dTP - ,-I- Cmg/kg DO mice experiments parasite rate % Cont..PP

3.05 - 88.1 -..5.8

1 0 . 0 5 i6 .6 + 1 .

1.
FY/65 30.0 5 12.0

10 i13.0

ED50(range) 5.0 (3.0-8.0)

ED90 (range) 1 3 .0 (7.5-23)

Resistance factor I

90

3.0 5 - 89.1 - 5.6

10. 5 --ne 71.9 i + to.5

, iMFY 30.0 5 i36.2 + 7.0

10 . 5 - i 20.4 0 .6

IO 10 9.9

'50(range) 21 (12-35)

SED90(range)170 (100-280) (=>MTD) Cranhi ally interpolated

Resistance factor I9{

D)ate: 18/1/83 Principal Investigator: Professor W.Peters,

Departmenw of Medical Protoz~oology

.: iidon :, .(I oi Hlygiene & lropical Medi it



Sl~vL, S ZhIZ(UNICIDES)

COMPOUND NAME Pvrimethamine/Sulphadoxine P berghei

OR NUMBER ........................... PARASITE (SUB)SPECIES ...; .............

1:3 in Tween 8010
FORMULATION ............... 2. . ROUTE OF ADMINISTRATION :X55/IP/l 1X(x

MAXIMUM TOLERATED DOSE (MTD) ........ MG/KG X ...

Sri -ngledose No. of No. of Mean control Treated
mg/kg DO mice experiments parasite rate % Contro PR

2.5 5 174.8 ! 6.8

5.0 5 65.4 + 1.8

FV/65 10.0 5 1 -49.5 +

I
20.0 5 I33.8 .

40.0 5 26.5 + 4.0

10 13.0

ED50(range) 9.5 (5.5-17.0)

ED90 (range)8g (52-155)

Resistance factor '

I I+

5.0 5 I +
5.0 5____19.4 - 6.4

MFY 10.0 5 7 - 8.55 1

20.0 5 +30.3 5.8
__ _ _ _ _ _ --- - _ _ _ __ _ _ _ - 0- 5.. 8 ...' t +

40.0 5 _-- 26.9- 1.9

10 __9.9

D5 0 (range) 1 5 (7.0-30) -

ED90 (range)lOo (50-210)

Resistance factor I

Date: 18/1/83 Principal Investigator: Professor W.Peter.

Department of Medical Protozoology

ondon Schoo; o' Hygiene & lropical Medi, i,,



L . ,f , .'I ,. , lD UU -

COM1POUND NAML P rime thari ne 1. berphe

OR NUMBER ........................... PARASITE (SUB)SPECIES .................
%tieen 80/H20

FORMULATION ... .................... ROUTE OF ADMINISTRATION : W IP/W W X

t-.MAXIMUM TOLERATED DOSE (MTD) ........ MG/KG X ...

iStrain dose No. of J No. of Mean control Treated PR. IC

mgkg DO Imice experiments parasite rate % Contra PR

* I I

1.0 5 I - .69.2 8.1
I_ _ _ _ __ - 10.

3.0 5 + 50.9 10

t+FYI65 10.0 5 1 - 41.5 1.5Si - 1+

30.0 5- 31.5 - 4.4t T

60.0 : 5 - 16.2

010 1 13.0

ED5 0(range)4. 8 (7.0-12.0)

-D90(range) 130 (45 - 300)

Resistance factor I

1.0i - 70.2 - 2.4

1 . 15 +3.0 5 - 30. 7 - 9.8

+

MFY 10.0 i 5 ; 21 .6 + 5.0

30.0 5 19.9 + 9.7i+
60.0 5 - 8.9 + 4.8

_ j :10 8.8

-Do(range"3. 0 (<1 - 9.5)

LD9 0(range) 4 9  (7.5 - 160)

esistance factor

Date: 18/1/83 ,'"inciva L ]nv .*iiator: -',coTcssor .. Peter,

.!)artmenT. o' ' ui(J [rotozoolog.

Jll'.. Vlb( q I " T' ,.



SU1,kARY R AI LMALARI AL )oRU .IP 

J L OL) SCHIZONIOCIDES)

COMPOUND NAME Sulohacoxi ne P.be rghvi

OR NUMBER ........................... PARASITE (SUB)SPECIES .................

Tween 80/H 9 0
FORMULATION ........... ....... ROUTE OF ADMINISTRATION : IPAXO=

MAXIMUM TOLERATED DOSE (MTD) ........ MG/KG X ...

-Single dose No of No. of Mean control Treated
Strain mg/kg DO mice experifments parasite rate % Control PR -l

3.0 5 - 61.2 + 2.8
I-- •

10.0 [ 5 -51.5 -1. 5

+FY/65 30.0 I 5 1 I - 34.6 - 2.5

100.0 5- 17.4 4.9

0 10 13.0

ED5 0(range)
8 .O (3.8 - 12.5){

ED90 (range)
290 (140 - 430)

Resistance factor 190

3. - 80.9 - 9.4

10.0 5 - 71.4 - 8.7

MFY 30.0 5 1 42.5 + 15.5

100.0 5 - 17.7 + 7.0

10 i 8.8

ED50 (range) 17.0 (8.2 -43),

ED9 0 (range) 195 (90- 470)'

Resistance factor 190

Date: 18/1/83 Principal !nve,tiqator: Professor W.Peter,'

Department o Medical Protozoology

ondioi ,( Ioc' o)f ! vqiene 1 ro iica l ( io



Mefloquine ED 90 Values
mg/kg x4 sc -- -- --

2-5 0 Meftloqui ne

2-0
0

~1.5

1-0

0-5

0.1 02 0-3 04 0-5
Pyrimethmine: Sulfadoxine (1: 3)

mg/kg x4 ip

Figure 1. The interaction of mefloquine with a 1:3 pyrimethamine-

sulfadoxine mixture in different proportLons to show the ED90 of

mefloquine(M) with different levels of PS, or PS with different

levels of M against P.berghei N in the "4-day test". An additive

effect is shown when all points fall near the line joining the

ED90 levels for each compound (i.e. M or PS) used alone, as in

this experiment.
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NS0010
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2 a. P.berghei N exposed to mefloquine alone (N/1100) or a 300:1:3

mixture of mefloquine (M), pyrimethamine (P) and sulfadoxine (S)

(PFM lino)

2 b. "P.ber-hei NS ' exo,)s ' If M (NS/ 1100 line) or MPS (MPS line) in

the same rat ios.

2 c. P.b rqhej rFK(,FY -x .i to M ind Tl F n in 1: : rlt io (MFY 1in,'
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Fig re 3 Controls x 5200
These show uninfected liver sections exposed to 3 mg/kg WR225,448The liver cells are vacuolated and disrupted. There are
considerable lipid deposits and many of the mitochondria are
affected. In general this liver looks pretty toxic.

ir 4 L

44

Figure 4 Low power x 6600

Infected liver sections treated 1 mg/kg WR 225,448. Schizont shows
normal peripheral enzyme production, but no liberation of
enzyme granules.Adjacent hepatocyte tissue is apparently unaffectvd
at schizont/hepatocyte interface.



II

Figure 5 High power x 26000

Same material as above, showing enzyme granule vacuoles

intact at schizont boundary, and adjacent host cell

mitochondria unaffected. Note extensive enzyme granule

production and swollen mitochondria.

In addition many of the nuclei in the schizonts show marked

separation and blebbing of their surrounding membranes.
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